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ABSTRACT: Themain goal in this research is to study the Colombia’s solid waste in relation
to the general trends of the gross domestic product of the country, a more general
overview of the situation with respect to other neighbor countries and some leading
economies. The method followed was the analysis and processing of the official and
unofficial data of the country, for constructing useful information such as the gross
domestic product (GDP), discussed in relation to the generated waste. Since waste
related issues demand and requires multi-disciplinary solutions, legal and cultural
aspects are also considered in the discussion. The main contribution of this research is
new, analized and consolidated data regarding the current economic model in Colombia
towards the implementation of a sustainable economy, presented with respect to Latin
American and to some leading world economies as well. The investigation has been
focused on the sectors that are less-known with respect to the solid waste generation,
particularly to the GDP of the construction and demolition waste, and mining wastes,
which are of great interest in Colombia for its type of industry.

RESUMEN: El principal objetivo de esta investigación es estudiar los residuos sólidos de
Colombia con respecto a la tendencia general del producto interno bruto del país. El
método seguido fue el análisis y el procesamiento de datos oficales y no oficiales para
construir información útil, tal como el producto interno bruto, discutido con respecto
a los residuos generados. Dado que los problemas de los residuos generados exigen
y requieren soluciones multidisciplinares, los aspectos legales y culturales también se
consideran en la discusión. La principal contribución de esta investigación son los datos
nuevos, analizados y consolidados con respecto almodelo económico actual enColombia
para la implementación de una economía sostenible, presentada con respecto a América
Latina y a algunas de las principales economías mundiales. La investigación se ha
centrado en los sectores que están menos desarrollados con la generación de desechos
sólidos, particularmente con el PIB de los desechos de construcción y demolición, y
desechos mineros, que son de gran interés en Colombia por su tipo de industria.

1. Introduction

The generation of solid waste (SW) is an issue of great
importance for the different economies of the world.
China, for example, has grown significantly over recent
years, which has forced the country to include waste
generationmeasurement and control in its policies [1]. The
identification and classification of SW by region throughout

the world has shown the wastes solutions are closely
related to the waste composition; thus, a further
understanding of this is required in order to take
action against these impacts, with different strategies
that include recycling, reusing, or finding new uses for
a particular waste material [2]. There is a significant
pressure worldwide towards the industry and goverments
for the implementation of strategies contributing to
reduce the volume and composition of SW by the year
2025, particularly in countries where the companies are
growing at a rate higher than their country’s GDP such as
in China, East Asia, Eastern Europe, and in the Middle East
[3].
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One of the most significant indicators for a country
economy is the gross domestic product (GDP), which is a
monetarymeasure of the goods and services of the country
in a specific period of time [4]. The GDP derived growth
directly affects the generation of SW, therefore indicating
and requiring that countries and municipalities make
immediate changes in to take responsibility in managing
the waste issues [5]. In Latin America and the Caribbean
(LAC), the GDPs subsectors of mining and quarrying,
construction. and transportation, are very significant in
the economy, and thus serve as information for analyzing
the overall behavior of the region, and understanding
the diverse challenges LAC have had to face in terms of
sustainable development, [6].

These challenges are the result of the natural effects that
growth rates have had in recent years, which ultimately
have been a determining factor in the urbanization. As
UN-HABITAT states, “The urbanization experience of the
LAC has been very fast and difficult to manage, due to both
the speed with which it occurred and the general economic
and institutional weaknesses of the countries of the region;
as a result, these problems have manifested themselves with
their full force” [7]. How Colombia’s GDP has performed in
the subsectors of mining and quarrying, construction and
ground transportation is not very different from how the
GDP of LAC has performed in these areas. This is reflected
in the data on Colombia’s national accounts published
in the periodic reports of the National Department of
Statistics (DANE, Spanish acronym), which shows that the
performance of these subsectors is very influential of the
overall GDP [8].

The SW generation in LAC and its management has
become a priority for most of the governments [7]. The
projected population growth and its effects on the GDP,
as well as the waste generation per capita, are now
subjects of constant analysis [2]. LAC and other developed
countries with the support of international organizations
have been working in collecting waste generation data and
in its analysis in order to understand the implications of
this issue for the region and then for creating proposals
and solutions to mitigate the adverse environmental
effects [8]. These solutions do not only have a positive
impact in the environment, but also can be a solution for
improving the local economy [9].

The SW generation in Colombia reflects the situation at a
LAC and other countries worldwide as well: continuous
growth in recent years has brought economic, legal and
technological advantages but also new challenges to meet
the needs of the population growth, which has had an
adverse impact in the environment and therefore in new
health risks, employment, and in the economics as well
[10]. Coming back to the GDP and given the dynamics of

this situation, the employment is a critical point of analysis
as a vital part of the subsectors of mining and quarrying,
construction and ground transportation, due to how these
activities influence the country’s total GDP and because
of the nature of their relationship to the specific activities
of mining, construction, and ground transportation
sectors in the nation [11]. From an economic point of
view, development and growth are inevitable aspects of the
global economy. This means that countries must find clear
alternatives and models for better and more productive
processes, and thus, must make great efforts to develop
its own economic model that maintain the wellbeing of a
country’s society. One of these alternative models is the
Circular Economy, a sustainable approach which features
valuable aspects for managing and reducing waste, both
from the point at which it is produced, through its final
consumption.

The main goal in this research is to study the Colombia’s
SW in relation to the economy of the country, mainly
because the information and current state of the art has
poor analysis and has a lack in data as the country is
just entering in giving solutions to the waste generation,
managements, recycling, valorization and exploitation.
The data presented in this investigation has been collected
from several important sources, including official data for
the country, but processed with other data and generating
new data, all analyzed inside Colombia and analyzed at
least in the general trends with respect to LAC and to
some of the world leading economies as well. The method
included the analysis of data from different sources and
the comparison among them with technical criteria,
mostly based on the materials composition and in the
macro industrial sector.

The investigation has been focused on the sectors
that are closely related to the SW generation, particularly
to the SW related with complex wastes such as the
construction and demolition, and mining wastes, which
are of great interest in Colombia due to their impact in
the economy. In addition, this type of waste is not only
more difficult to process, and therefore less technology
and industry is willing to give solutions on it, but also, can
be more environmentally adverse. Also, less research and
development is found in these areas. Thus, data regarding
the composition of waste by regions, GDPs information
with respect to the population, and some information
regarding the current state of the waste treatment model
has been included in this investigation.

2. Methodology

This article is based on the processing, consolidation,
and evaluation of available and new data from different
sources regarding the main SW from Colombia, and in a
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more general overview to other LAC countries as well.
This project is part of an investigation that focuses on
the solid waste situation coming from construction and
demolition industry, and therefore involves directly its
transportation, and mining of the raw materials. Besides
the interest in giving solution to the wastes of these
areas for the goverment and academia from Colombia,
is the problem that the information regarding the solid
waste has not been accurately investigated, and thus not
properly analyzed. Therefore, the method mainly was
the investigation of the most important data bases, then
the processing and organization of the data regarding
the solid waste generation numbers, the elaboration of
graphs, and their analysis with respect to variables such
as GDP, population, and other indicators elated to the
waste generation issue. Most of the used information
corresponds to official data from Colombia´s agencies.

The main investigated data source of information
was Cepalestat [12], which includes databases and
statistical publications from the United Nations Economic
Commission for Latin America and the Caribbean (ECLAC).
From the Cepalestat’s source, the statistical information
on each country in LAC related to the GDP for mining
and quarrying, construction, transportation, storage and
communications was used. The second main source
was the Observatorio Económico Latinoamericano (OBELA,
Latin American Economic Observatory)[13]. This database
contains information about the urban population employed
by the mining, construction and transportation sectors.
The data was used to determine the relationship between
the urban population and the three economic activities
that are analyzed. The third source was the database
from the statistical office of the European Union (Eurostat)
[14], which collects information on the composition of SW
worldwide [14]. The fourth database came from DANE,
which is primary source of official data for Colombia. This
information was categorized by branch of economic activity
[15], and used to determine Colombia’s GDPs for mining
and quarrying, construction, transportation, storage
and communications. This information was discussed
with respect to the GDPs for oil drilling, the mining of
non-metallic materials and ground transportation. Most
data were further treated with MS Excell software and
results were compared not only among official databases,
but also international sources. Discussion with the
industrial sectors was also conducted in order to validate
the numbers presented here. The situation of different
wastes in Colombia and its potential use has been further
investigated before in CCComposites group as later
presented, which was also confronted with some data
from the industrial sector.

All these numbers are also contrasted with the following
information: academic research on SW, the GDP of sectors

of interest to the IDB, DANE reports, mining and energy
statistics, and What a Waste (Urban Development Series –
Knowledge Papers). Lastly, despite some of this data are
not being well established for Colombia, the summary and
analysis in this investigation is a contribution towards the
development and implementation of a better economic
model [16].

3. Gross domestic product and
primary solid waste (SW) in
numbers

Figure 1 shows three common examples of the poorly
managed SW, found in public spaces in Colombia. These
materials are composed of construction and demolition
waste (C&D) produced from the construction of the
Colombia’s infracstructure, mixed with ordinary waste
[17]. The reasons to have this bad waste disposal practices
are multiple: the long gap between the time in which the
user lets the waste in the indicated zone and the time it is
collected by the waste collection company; the wrong type
of waste that the user lets in the collection point later not
collected the collection company; and a poor legislation,
and more importantly, a poor law enforcement by the city
authorities. These are typical domestic waste collection
issues, mostly solved in many developed countries.

Figure 1 Different examples of poorly disposed waste in
Colombia. Source: Echeverri, Colorado (2018)

Figure 2 shows the composition of SW for different
regions and countries throughout the world, which
have in common the general areas of organic material,
paper and cardboard, plastic, glass, metal and other
materials. This representation reveals that there are
two additional categories for Colombia with respect to
the other economies: textiles and wood. The pie charts
demonstrate the following: a) the composition of global
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SW by region (7 regions are analyzed), b) the composition
of SW in China [1], c) the composition of SW in the EU,
d) the composition of SW determined by the OECD and
e) the composition of SW for Colombia (which includes
wood and textile waste). Figure 2a for all regions and
2c for USA are similar when the area size is considered.
Figure 2d is significantly different than the others, the
OECD summarizes the richiest economies of the world,
and thus, their waste must be different. Figure 2b from
China and Figure 2d for Colombia have similar organic
waste amounts.

Figure 2 Composition of solid waste by region. Source: The
Global Bank [2]

Figure 3a shows the GDP mining and quarrying, and
construction and transportation, both for the period
between 2010 and 2016. In the beginning in 2010, the
GDP of mining and quarrying grew until its lowest point in
2016. The GDP of construction grew in 2010 and remained
steady until it reached a maximum in 2014, followed by its
lowest point in 2016. The GDP of transportation reached
its highest point in 2014, then going to its lowest point
in 2016. Figure 3b shows the rates for the GDP of crude
oil and natural gas extractions, as well as the GDP for
the mineral extraction of uranium and thorium, which
is an important component of the GDP of mining and
quarrying in Colombia, where its extraction increased
slightly from 16.76% to 17.78% between 2010 and 2011,
respectively. After 2011, this rate drops significantly and
also experiences negative growth, which in 2016 reaches
-11.08%. As the graph shows, results may have had a
direct effect on the decline of the GDP for mining and
quarrying.

The second variable measured was the GDP of
non-metallic materials, which is included as a component
of the GDP of construction. This variable experienced a
significant increase in 2010 with a negative extraction rate
of -11.96%, until it reached its highest point in 2014 at
11.35%, corresponding to a 200% recovery rate compared
to the year 2010. Between 2015 and 2016, however, these
materials begin to fall again until a low point of 1.58%. This

Figure 3 a) GDP of mining and quarrying and GDP of
construction in Colombia; b) performance of GDP for oil drilling,
extraction of non-metallic materials and ground transportation

(%). Source: Cepalestat (2018)

fall could be explained by the performance of the GDP in
construction, as the graph shows. Last, the third variable
represents the GDP of ground transportation, which is
a subsector of the GDP of transportation, storage, and
communications. This area experiences a fall between
2010 and 2014 until it reaches 0.90%, then recovering up
to a maximum growth in 2014 at 3.40%. After this period,
it falls again and in 2016 it reaches its lowest point with
0.28%.

Figure 4 shows the performance of the GDP for LAC.
The GDP of mining and quarrying reaches a maximum
amount of $349,345,700 USD in 2011, but begins to fall
until it reaches its lowest point in 2016 at $142,006,800
USD in 2016, the equivalent of a 59.35% decrease between
2011 and 2016. The second variable represents LAC’s GDP
of construction, which experienced growth between 2010
and 2013 until it reached a maximum of $367,896,300
USD. It then experiences a very slight fall until 2014, when
it reaches $365,876,700 USD, and then falls significantly in
2016 until it reaches 283,692,700 USD, a 9.33% decrease
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compared to the GDP of construction in 2010. The
graph’s third variable shows the performance of the
GDP of transportation, storage and communications for
LAC. This variable reaches its highest point in 2014 with
$409,771,900 USD and reaches its lowest point in 2016
with $323,684,100 USD, a decrease of 10.84% compared to
2010.

Figure 4 GDP of Latin America and the Caribbean:
transportation, storage and communications; construction; and

mining and quarrying. Source: Cepalestat (2018)

The information included in Figure 5 shows the relationship
between the generation of SW and the GDP of different
countries in Latin America (including Brazil, Argentina,
Colombia, Venezuela, Peru, Chile, Ecuador, Guatemala
and Bolivia). From the countries analyzed, Brazil had the
highest GDP for 2010 with $2,212,230,600 USD, which
generated 62,730,096 tons of SW for that year. This is
the equivalent of 28.25 tons of SW per million USD of the
GDP. In Colombia, the GDP for this year was $287,525,400
USD, and its SW generation was 11,300,000 tons, the
equivalent of 39.30 tons of SW per million USD of the GDP.
Bolivia is also noteworthy, where the GDP was $19,507,700
USD for a SW generation of 1,804,258 tons per year, the
equivalent of 92.48 tons of SW per million USD of the GDP.

Figure 6 shows the generation of SW for Latin America
countries and their GDP. With Brazil, the production of
waste per unit of GDP is lower when compared to other
countries, despite its GDP for Brazil is the highest in Latin
America. Bolivia’s SW generation is also interesting to
observe, as it is higher than other countries despite having
the lowest GDP. This is indicative of a very inefficient
production process in comparison to the other countries
analyzed. Figure 6 also shows there is an inverse
relationship of the GDP to the generation of waste: while
Bolivia generates 92 tons per million dollars of the GDP,
Brazil generates 29 tons per million dollars of the GDP.

Figure 7 is a summary of the SW generated by Latin
American countries compared to their GDP. It also
categorizes SW by type and shows its relationship to the

GDP, where the generation of organic waste in Brazil,
for example, is the highest type of SW, followed by the
generation of plastic, paper and cardboard, [18]. This
means that for each unit of GDP the country produces, a
significant amount of organic waste is generated, followed
by plastic, paper and cardboard. It is important to note
that plastic material is a large component of the waste
generated in each country, which indicates the important
role this material plays in the production of modern
manufacturing.

Figure 8a shows the total generation of waste in Colombia
between 2012 and 2015. According to the classifications
provided by Colombia’s National Department of Statistics
(DANE), total waste in Colombia consists of SW and
residual waste products. DANE applies this data
to Colombia’s national accounts. Figure 8b shows
Colombia’s population curve from 2012 to 2015. This
figure takes the total amount of SW generated for each of
the years analyzed and calculates the per capita rate of
SW generated in the country per year. The graph shows
how the total population curve grows in Colombia between
2012 and 2015 until the year in which it reaches 48,203,405
tons and the total generation of SW is 19,928,644 tons.
With these results, it can be determined that the SW per
capita for the year 2015 is 0.413Kg, which is less than it
was for 2014, when it was 0.423Kg.

Figure 9 shows population curves of the urban Colombia
by sector reflected in the GDP of mining, construction and
transportation, between 2000 and 2014. According to the
information analyzed, the urban population that works in
mining and quarrying is lower than the population that
works in construction and transportation. The highest
employment rate for this subsector was reached in 2002
when it peaked at 0.9%. The lowest employment rate
occurred between 2000 and 2001, when it was 0.4% at the
end of 2001. However, considering that the employment
rate for 2014 was 0.7%, it can be concluded that the growth
rate was 3 points higher than it was in 2000 (the equivalent
of 75%). The employment rate of the population that works
in construction is six times higher than it is for the mining
and quarrying sector. This can be seen in the data for
2012 which shows an employment rate of 6.9% for this
subsector; this is the highest rate considering that the
rate for 2000 was 5.1%, a growth of 1.8%. Last, the urban
population that works in the transportation subsector has
higher rates than the mining and construction rates; its
highest employment rates occurred between 2009 and
2010, when they reached 9.9%.

Figure 10 includes information about the use of SW
generated in Colombia between 2012 and 2015. In 2012,
waste amounted to a total of 16,567,267.9 tons and
reached its highest point in 2014 at a total of 17,965,049.9
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Figure 5 Solid waste production vs. GDP for countries in South America in 2010. Source: Inter-American Development Bank (IDB)

Figure 6 Generation of SW per country vs. unit of GDP for 2010. Source: Cepalestat (2018)

Figure 7 Solid waste by sector vs. GDP for certain countries in South America in 2010. Source: Inter-American Development Bank
(IDB)
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Figure 8 a) Total generation of waste in Colombia, b) Population
and waste per capita. Source: Eurostat [14] (2018)

Figure 9 Urban population employed by GDP sectors: mining
and quarrying, construction and transportation and

communications. Source: Eurostat (2018)

tons. Waste decreased in 2015, which may be attributed
to proper waste management efforts through recycling
and reusing, other treatments, the development of new
waste-based industries and through the management of
waste deposited in the environment.

Figure 10b shows how waste in Colombia is collected,
treated and eliminated. Between 2010 and 2015, the
majority of SW was sent to landfills. This is a growing
trend, as the SW sent to landfills in 2015 was 8,705,050.7
tons compared to 8,062,005.6 tons in 2012. The second
most common use of waste is classified as “other
treatments,” which reached a maximum in 2014 with a
total of 6,484,462.8 tons. A third use of waste is “recycled
and new use,” which grew significantly between 2012 and
2014, when it totaled 1,823,868.9 tons. In 2015, however,
this amount fell slightly to 1,706,568.8 tons. Waste sent
to other industries also grew steadily until 2014, when
its total was 683,759.05 tons, which fell to 649,970.01 in
2015. The last group represents waste deposited in the
environment, a figure that reduced significantly as in 2012
it totaled 460,193.037 tons and by 2015, it had lowered to
259,164.29 tons, a 43.68% reduction of waste deposited in
the environment.

Figure 10 Waste and final disposal in Colombia, a) Use of solid
waste in Colombia, and b) Collection, treatment and elimination

of waste in Colombia (tons). Source: Eurostat (2018)
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4. Analysis

The rapid pace of global development and its effects on the
generation of waste has become a point of concern for all
countries. From countries with high levels of development
to those with early indicators of growth, in general, all
countries have issued warnings on the generation of waste
and have established strategies to take more efficient
measures to address the problem. Studies conducted
by the World Bank show that in the year 2012, cities
throughout the world generated 1.3 billion tons of SW. It
is estimated that this SW will reach 2.2 billion tons by the
year 2025. This data comes from seven regions throughout
the world and include a significant number of cities that
share a concern for the effects this waste can have on the
environment at a global level [2]. This concern is an issue
that is also being constantly analyzed by governments and
companies worldwide [19].

The composition of SW in the world has been classified
elsewhere [20]. This classification has laid the foundation
for measures to manage and control SW. For the group
of seven regions mentioned, consisting of 51% of the
total composition of SW, the greatest component of
SW is organic material [2]. However, according to the
Organisation for Economic Co-operation and Development
(OECD, an economic organization of industrialized
countries with 34 member countries), this component is
only 27%. For China, this component is 65% of all of its
SW, and for the EU, it is 46%. In Colombia, this component
is 61.54%, which indicates that its economy has great
potential to utilize recoverable material and transform
it in an efficient way [21]. This would help reduce its
negative impact on the environment and creates the added
challenge of attempting to incorporate economic models
with strategies for designing new materials and processes
that generate less waste. These actions require examining
and creating industrial processes that are different or that
radically transform the supplies. It also requires analyzing
how a country’s current productive model is designed
[22]. According to a supply approach, the solution to the
production of SW depends on the supply of materials
that can contribute a significant level of circularity to the
development of a circular economy model. Demand is
another approach to addressing the generation of waste.
Through this approach, a different analysis is applied,
which is based on the need to take action and to manage
the generation of organic waste material. This analysis,
therefore, focuses on the “take-use-dispose” consumption
practices that are part of a linear economy model [14].

The second component of SW is paper and cardboard,
which according to the regional statistics [2], is 14% of
total waste. For the OECD, however, paper and cardboard
represent 32% of total waste, for the EU are 17%, for

China are 9% and for Colombia are 6.55%. This data
reveals that the percentages for China and Colombia are
less than the 14% of paper and cardboard waste, which
is below the amount generated by the seven regions
examined by Hoornweg et al. [2], a sharp contrast to the
high composition of organic materials. In contrast, figures
on the generation of paper and cardboard presented
by the OECD and the European Union show they are
greater than the regional figures gathered by Hoornweg.
This may be related to the lower percentage of organic
material and could explain why these components of
waste may have been excluded in each of these countries.
A third component in the classification of worldwide waste
is plastic, which averages at 11.15% for the countries
analyzed by [2]. The remaining components are glass,
metal and others, whose percentages are minimal
compared to all of the components of SW and are common
in the global classification, [23].

It is important to consider that Colombia includes
two components that are not considered at the global level
presented by Hoornweg et al.: textiles, at 2.74%, and wood,
at 0.54% [2]. These materials are not included in the data
of SW for the rest of the world. This shows there is an
opportunity for new industries to develop in the region, as
these components have not been utilized in Colombia and
can be utilized to create new companies as well as serve
as sources for the of new industrial areas, which could
provide the country for leadership of these areas in LAC.

Understanding how a sustainable economy influences
a country’s development requires having a basic
comprehension of its impacts [24], from which the
generation of SW is one of the most significant factors in
the economics nowadays, which clearly, as shown before,
is important in the GDP [25]. GDP can be analyzed not
only from the perspective of final production of goods and
services, but also thoroughly for the subsectors involved in
different development processes, which includes mining
of different materials, construction and transportation.
All of these sectors provide information that is important
to the measurement of SW, both in regards to its quantity
and its different components.

Between 2010 and 2016, the performance of the mining
and quarrying subsector was tied to the growing demand
for construction materials, which has affected on the
country’s urbanization in recent years [26]. Similarly,
these two subsectors (mining and construction) have
had significant effects on the performance of ground
transportation, primarily due to the need to move the
different types of materials that each of these subsectors
produce and demand [27]. As this dynamic has developed,
it has led to information that has helped to identify a direct
relationship between the performances of these three
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subsectors. Similar to the performance of Colombia, a
direct relationship between the performances of these
three sectors can also be observed in the macroeconomy
of LAC countries. For example, the GDP of mining and
quarrying grew between 2010 and 2012 both in Colombia
and the LAC. Between 2013 and 2016, however, an
opposite trend occurs as there is a drastic fall, reaching
its lowest point in 2016 [27]. This fall may be related
to the decrease in the cost of oil barrels during these
years, which significantly affected the global economy,
specifically that of LAC and Colombia [28]. Employment
levels among Colombia’s urban population in the mining
and quarrying subsectors also reached their lowest levels
in 2012 at 0.7%, compared to 0.4% in 2000; a trend that
was similar for this sector in the LAC [12]. With the
construction subsector, increased urbanization in recent
years has led to growth, which peaked in 2014 in both
Colombia and the LAC [29]. In Colombia, in 2014, the
extraction of non-metallic materials, which corresponds
to the GDP of mining and quarrying, reached 11.3506658%.
In 2010, this number was -11.9680851%, which shows
that this sector experienced unprecedented exponential
growth. The driving forces behind this result were the
social housing programs and the development of Vías 4G
project (an 8,000 km road infrastructure program), which
were implemented by Colombia’s most recent government
administration. Rates for the percentage of the population
that was employed by this sector were the highest they
had been since 2000, when they were 5.1%; by 2014,
they had reached 6.9%, [12]. The ground transportation
subsector also performed similarly. The growth rate of
these 2 subsectors increased consistently for this activity,
which had to meet the service demands of construction as
well as those of moving the materials extracted through
mining activities. At a peak employment rate of 9.9% in
2010, the employment rates of the urban population in this
subsector were therefore higher than those of the mining
and/or construction subsectors.

From analyzing the GDP of crude oil and natural gas
extractions as well as the mineral extraction of uranium
and thorium, there is significant evidence that shows a fall
in Colombia’s GDP of its mining and quarrying subsector.
The GDP for this subsector fell from 2011 until it reached
a negative percentage of -11.08% in 2016, [12]. This
drop explains the significant loss of value in a sector that
has been a strong foundation of Colombia’s economy for
years. It is also important to note Colombia’s performance
in the GDP of the extraction of non-metallic materials
(which also includes construction materials) was in 2011
-11.96%, while in 2014 was 11.35%, corresponding to a
200% increase [15]. This explains the relationship this
indicator has with the GDP of construction, which as
mentioned previously, experienced accelerated growth
with the infrastructure and housing policies of Colombia’s

most recent government administration. As a result of this
trend, the GDP of ground transportation (a subsector of
the GDP of transportation, storage and communications)
was directly affected by the demands of the economy,
going from 0.90% in 2013 to 3.40% in 2014 (reflected by
the decline of the other two sectors), until it reached its
lowest point in 2016 at 0.28%.

Between 2012 and 2015, Colombia’s population grew
each year at the following rates: 0.4027, 0.4122, 0.4234
and 0.4134 [13]. As a result of this yearly population
increase, the generation of SW also increased each year
[30]. In 2014, the generation of SW peaked at 20,182,419
tons. A reflection of this, Colombia’s population also grew
for each of these years and was 47,661,787 tons in 2014. In
calculating the relationship between the generation of SW
and the population, SW per capita in Colombia reached a
maximum of 0.4234 tons in 2014, then decreased slightly
to 0.4134 tons in 2015. This comparison reveals that
despite the population increase, this did not have a direct
impact on the generation of SW [31]. According to DANE
data, this behavior can be explained by improvements
made to the use of different waste generated from
different economic activities in recent years. Some of
these improvements are: the recycling and new uses for
waste, the implementation of new waste treatments, the
reuse of residual products in industry, and the reduction of
the waste deposited in the environment [32]. An important
issue for Colombia and LAC in the analysis of SW is the
relationship it can have with GDP: in the case of supply,
when a country has greater production it increases its use
of materials, and in the case of demand, it increases its
generation of SW.

It is also important to consider the effects of a supply
approach in the relationship between the production
process and the use of materials, particularly because
the generation of waste could be interpreted as greater
or lesser depending on the level of productive efficiency
of the industries of a country’s different sectors [16]. A
demand approach of analysis could be taken, however,
where greater consumption is interpreted as a greater
generation of debris in the environment; or ideally, where
greater waste means improved utilization of this waste
and the existence of more alternative uses. Under this
approach, this relationship occurred in Colombia in 2010,
where the GDP was $287,525,370 USD, corresponding
to the generation of 11,300,000 tons for that year; or
alternatively, for every $1,000,000 USD of the GDP, a total
of 39.30 tons of waste was generated. This amount is very
high compared to Brazil, where for the same year, the
total waste generated was 28.35 tons per $1,000,000 USD
of the GDP. On the other hand, the generation of waste in
Colombia was three times less than in Bolivia, where it was
92.48 tons per $1,000,000 USD of the GDP for the country
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[33]. This comparison reveals the difference in productive
efficiency between these three economies. Brazil is
therefore the country that is leading the situation in Latin
America, as it is generating the least amount of waste for
each unit that is produced and that contributes to its GDP.
It is equally important for this analysis to consider the
composition of the waste produced by each Latin American
country, as this explains the utilization and managing of
this waste. For example, the highest component of
Brazil’s solid waste is organics, followed by plastics,
paper and cardboard [34]. Similarly, these indicators can
account for the production characteristics of a country,
as well as its potential for recycling and waste utilization.
Such information can provide data that is important
for analyzing alternative economic models, such as the
circular economy, increase the utilization alternatives [24].

Between 2010 and 2015 in Colombia, the search for
waste management alternatives has been constant but not
enough yet, which is reflected in that the greatest amount
of waste is still deposited in landfills. Also, despite that
its greatest percentage of waste is organics, the impact
this has on the environment is not less serious, especially
when considering the additional deposit of waste left on
the environment increases its negative impact [32].

One of the main strategies for reducing and managing the
generation of SW is the identification and classification,
measurement and valorization [35]. This helps to
attain clear information that can serve as a foundation
for governmental and private sector decision-making
processes. It also draws attention to factors to be
considered for analysis by a sustainable economy that is
based on a production perspective. An example of this can
be found with the eco-design framework. This framework
uses a series of variables from the ECO-3 model that
can identify alternatives to achieving greater efficiency
and reducing waste in a country [36]. The alternatives
offered by models – such as natural capitalism – that
have significant impacts on businesses should be studied
and seriously consider by developing countries [37]. This
model offers alternative analyses to keep growth patterns
at high levels of sustainability, making social responsibility
a part of how its natural resources are used, and resulting
in economic expansion that does not inflict irreversible
damage to the planet [38].

5. Conclusions

5.1 The impact of solid waste (SW) on GDP

Having a greater understanding of the SW that is generated
in Colombia and how it is classified and measured, are
important aspects towards the valorization of SW and its
positive effect in the GDP. In other words, if a more efficient

use can be given to the raw materials in Colombia, this
will increasingly be reflected in the country’s productive
efficiency, which in turn, will improve the performance
of its GDP. The opportunity to improve how SW is used
by creating more, new and better products, will also
contribute to increasing the GDP of sectors that establish
the conditions for managing and utilizing SW. This not
only applies to Colombia, but to Latin America and to LAC
as well (see Figure 6). A direct relationship can therefore
be drawn between the production and the generation
of SW. This relationship can determine the levels of
productive efficiency that different countries can have, for
example, when a country has significant production but
the generation of its waste is minimal, resources are being
used in an optimal way. In contrast, low production with
a high generation of waste is an indicator of inefficient
practices.

Although the municipal solid waste by weight is in
the main interests in Colombia, the current investigation
was more centered in the effect of the GDP from mining
and quarrying, and construction and transportation. The
main reason is that these areas not only are important for
the economy of the country, but also because its numbers
are less known and thus less research and companies
are willing to give solutions to the recycling and economic
model of this sector. However, the relation of the selected
sectors of the GDP with the municipal solid waste is direct
from the transportation and further investigation must be
conducted in this line. More details have been discussed
and reported recently [39].

5.2 Sustainable and circular economy for
development

As described by authors Amory B. Lovins, L. Hunter
Lovins and Paul Hawken in their book Natural Capitalism:
Creating the Next Industrial Revolution, the paradigm
of a new economic model that can counter the adverse
effects of production and consumption provides important
alternatives that − similar to a linear economic model −
allow for growth and development, but with a sustainability
focus. This prevents the system of production from
slowing the economy [39]. These alternatives also
introduce new proposals that serve as natural restoration
models and that can create innovative methods for
fostering competitiveness and ensuring the feasibility of
companies. This analysis provides important points that
help to determine that circular economy has become a
development alternative that should be assessed, tested
and implemented by countries that have great impacts
on the world and that can analyze the results that have
been achieved by economies with significant degrees of
development (EU, China, and some other countries). In
developing countries (although the circular economy has
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not been fully implement even in theworldmain economies
[40]), with innovation in science and enginnering this
concept can be implemented and bring new leading
business that drive the country towards a better economy.
Therefore, although Colombia still has a lot of work to
do towards a sustainable environment, is now in the right
route, since not only the government started taking actions
towards this goal, but also new generations are more
committed for the sustainability of the planet.

5.3Waste in Colombia: A development
opportunity

Identifying, classifying and measuring SW, serves as a
foundation to implement initiatives to address SW and
utilize them. This applies both to the reuse of SW in
industrieswhere reuse is feasible, aswell as to the creation
of new business opportunities that decrease the waste.
Therefore, making possible to reduce landfill disposal
and develop production policies with clear sustainability
guidelines. Last, the composition of SW in Colombia
includes textiles and wood, which demonstrates and
opportunity for innovation in these sectors, as has already
occurred in other regions. Several innitiatives from
industry and academia have as main goals the waste
recycling, [41–45] the manufacturing of green materials
[46, 47], the circular economy [48], the development of
low CO2 footprint manufacturing [49–51] and the energy
harvesting [52, 53]. Other works have been very diverse
and developed not only in the biggest urban areas but
also in small cities with topics important for the country
that includemining, organic waste valotization, metals and
plastic recycling: [54–59].

6. Declaration of competing interest

None declared under financial, profesional and personal
competing interests.

7. Acknowledgments

We acknowledge Universidad UNAULA and Universidad de
Antioquia for the partial support in the Project.

References

[1] M. Li and et al, “Characterization of solid residues from municipal
solid waste incinerator,” Fuel, vol. 83, no. 10, July 2004. [Online].
Available: https://doi.org/10.1016/j.fuel.2004.01.005

[2] D. Hoornweg and P. Bhada-Tata, “What a waste: A global review
of solid waste management,” Urban development series;knowledge
papers, no. 15, Jan. 2012.

[3] E. Daskalopoulos, O. Badr, and S. D. Probert, “Municipal solid waste:
a prediction methodology for the generation rate and composition

in the European Union countries and the United States of America,”
Resources, Conservation and Recycling, vol. 24, no. 2, November 1998.
[Online]. Available: https://doi.org/10.1016/S0921-3449(98)00032-9

[4] M. P. Timmer and G. J. Vries, “A Cross-country database for sectoral
employment and productivity in Asia and Latin America, 1950-2005,”
GGDC Research Memorandum GD-98, Jan. 2007.

[5] L. Abarca, G. Maas, and W. Hogland, “Solid waste management
challenges for cities in developing countries,” Waste Management,
vol. 33, no. 1, January 2013. [Online]. Available: https://doi.org/10.
1016/j.wasman.2012.09.008

[6] B. Van and T. P. Lyon, “Cleaner production in small firms
taking part in Mexico’s Sustainable Supplier Program,” Journal
of Cleaner Production, vol. 41, February 2013. [Online]. Available:
https://doi.org/10.1016/j.jclepro.2012.09.023

[7] G. Acurio, A. Rossin, P. F. Teixeira, and F. Zepeda. (1997,
Jul.) Diagnosis of Municipal solid waste management in Latin
America and the Caribbean. Inter-American Development Bank
and the Pan American Health Organization. [Online]. Available:
https://bit.ly/36iDzxd

[8] O. L. Loaiza, A. Tobon, and G. D. Hincapié, “Impacto de la distribución
funcional del ingreso sobre el producto interno bruto de Colombia,
1970-2011,” Lecturas de Economía, no. 86, January 2017. [Online].
Available: http://dx.doi.org/10.17533/udea.le.n86a03

[9] S. P. and et al, “Strategies on implementation of waste-to-energy
(WTE) supply chain for circular economy system: A review,”
Journal of Cleaner Production, July 2015. [Online]. Available:
http://dx.doi.org/10.1016/j.jclepro.2015.06.124

[10] E. A. Marrugo, C. A. Sierra, D. D. Calderon, and M. D. Aleman,
“Diagnosis of solid waste management in the petrochemical-plastic
sector of Cartagena de indias, Northern Colombia,” International
Journal of Engineering and Applied Sciences, vol. 4, no. 6, pp. 37–39,
Jun. 2017.

[11] R. G. Eggert, “Mining and Economic Sustainability: National
Economies and Local Communities,” Mining, Minerals and
Sustainable Development, Colorado, EE. UU., Tech. Rep. 19,
Oct. 2001.

[12] F. Ferreira, N. Lustig, and D. Teles, “Appraising cross-national
income inequality databases: An introduction,” J Econ Inequa,
vol. 4, 2015. [Online]. Available: http://dx.doi.org/10.1007/
s10888-015-9316-0

[13] E. Borensztein, J. D. Gregorio, and J. W. Lee, “How does foreign
direct investment affect economic growth?” Journal of International
Economics, vol. 45, no. 1, June 1 1998. [Online]. Available:
https://doi.org/10.1016/S0022-1996(97)00033-0

[14] Eurostat. (2014) Energy, transport and environment indicators.
[Eurostat]. [Online]. Available: https://bit.ly/2IFUe3H

[15] B. Cohen, “Urbanization in developing countries: Current trends,
future projections, and key challenges for sustainability,” Technology
in Society, vol. 45, no. 1, January 2006. [Online]. Available:
https://doi.org/10.1016/j.techsoc.2005.10.005

[16] A. Grubler and N. Nakicenovic, “Evolution of transport systems:
Past and future,” IIASA Research Report, Laxenburg, AU, Tech. Rep.
RR-91-8, Jun. 1991.

[17] A. Bezama, P. Aguayo, O. Konrad, R. Navia, and K. E. Lorber,
“Investigations on mechanical biological treatment of waste in
South America: Towards more sustainable MSW management
strategies,” Waste Management, vol. 27, no. 2, 2007. [Online].
Available: https://doi.org/10.1016/j.wasman.2006.01.010

[18] O. Buenrostro, B. Gerardo, and G. Bernache, “Urban solid
waste generation and disposal in Mexico: a case study,” Waste
Management & Research, vol. 19, no. 2, May 2001. [Online]. Available:
https://doi.org/10.1177/0734242X0101900208

[19] H. G. Bingemer and P. J. Crutzen, “The production of methane
from solid wastes,” Journal of Geophysical Research, vol. 92, no. D2,
February 20 1987. [Online]. Available: https://doi.org/10.1029/
JD092iD02p02181

[20] A. M. Troschinetz and J. R. Mihelcic, “Sustainable recycling of
municipal solid waste in developing countries,” Waste Management,
vol. 29, no. 2, February 2009. [Online]. Available: https://doi.org/10.
1016/j.wasman.2008.04.016

61

https://doi.org/10.1016/j.fuel.2004.01.005
https://doi.org/10.1016/S0921-3449(98)00032-9
https://doi.org/10.1016/j.wasman.2012.09.008
https://doi.org/10.1016/j.wasman.2012.09.008
https://doi.org/10.1016/j.jclepro.2012.09.023
https://bit.ly/36iDzxd
http://dx.doi.org/10.17533/udea.le.n86a03
http://dx.doi.org/10.1016/j.jclepro.2015.06.124
http://dx.doi.org/10.1007/s10888-015-9316-0
http://dx.doi.org/10.1007/s10888-015-9316-0
https://doi.org/10.1016/S0022-1996(97)00033-0
https://bit.ly/2IFUe3H
https://doi.org/10.1016/j.techsoc.2005.10.005
https://doi.org/10.1016/j.wasman.2006.01.010
https://doi.org/10.1177/0734242X0101900208
https://doi.org/10.1029/JD092iD02p02181
https://doi.org/10.1029/JD092iD02p02181
https://doi.org/10.1016/j.wasman.2008.04.016
https://doi.org/10.1016/j.wasman.2008.04.016


H. A. Colorado et al., Revista Facultad de Ingeniería, Universidad de Antioquia, No. 96, pp. 51-63, 2020

[21] S. Kathiravale and M. N. Muhd, “Waste to wealth,” Asia Europe
Journal, vol. 6, no. 2, pp. 359––371, Jun. 2018.

[22] A. Tukker, “Product services for a resource-efficient and circular
economy–a review,” Journal of Cleaner Production, vol. 97, June 15
2015. [Online]. Available: https://doi.org/10.1016/j.jclepro.2013.11.
049

[23] L. A. Manaf, M. A. Abu, and N. I. Mohd, “Municipal solid waste
management in Malaysia: Practices and challenges,” Waste
Management, vol. 97, no. 11, November 2009. [Online]. Available:
https://doi.org/10.1016/j.wasman.2008.07.015

[24] W. R. Stahel, “Circular economy,” Nature, vol. 531, no. 7595, March
24 2016. [Online]. Available: https://doi.org/10.1038/531435a

[25] P. Beigl, S. Lebersorger, and S. Salhofer, “Modelling municipal
solid waste generation: A review,” Waste Management, vol. 28,
no. 1, February 2008. [Online]. Available: https://doi.org/10.1016/j.
wasman.2006.12.011

[26] L. G. Márquez, “Optimization of a combined export coal transport
network from the interior of Colombia,” Revista EIA, no. 16, pp.
103–113, Dec. 2011.

[27] M. D. Arango, H. Gil, and J. A. Zapata, “Lean logistics applied to
transport in theminer sector,” Boletín de Ciencias de la Tierra, no. 25,
pp. 121–136, Jun. 2009.

[28] T. Moser, “MNCs and sustainable business practice: The case
of the Colombian and Peruvian Petroleum Industries,” World
Development, vol. 29, no. 2, February 2001. [Online]. Available:
https://doi.org/10.1016/S0305-750X(00)00094-2

[29] S. S. Fainstein and J. DeFilippis, Readings in Planning Theory, 4th ed.
Malden, MA: Wiley-Blackwell, 2016.

[30] B. Martín, E. Gómez, M. García, and C. Montes, “Trade-offs across
value-domains in ecosystem services assessment,” Ecological
Indicators, vol. 37, no. Part A, February 2014. [Online]. Available:
https://doi.org/10.1016/j.ecolind.2013.03.003

[31] M. Varona and et al, “Estado de la oferta técnica de servicios de
higiene y seguridad industrial, Colombia, 2010,” Biomédica, vol. 32,
no. 1, pp. 60–70, Jan. 2012.

[32] J. H. Cochrane and J. Saa-Requejo, “Beyond arbitrage: Good-deal
asset price bounds in incomplete markets,” Journal of Political
Economy, vol. 108, no. 1, February 2000. [Online]. Available:
https://doi.org/10.1086/262112

[33] M. Ortúzar and M. A. Ortúzar, “Towards the integration of the
environmental dimension in tourism activities: the road ahead,” in
Enzo Paci Papers on Measuring the Economic Significance of Tourism,
B. Assoc, Ed. UNWTO, 2006, p. 255.

[34] J. Shin, “Biological conversion of organic municipal solid waste
to lactic acid :a techno-economic performance assessment study
for commercialization,” M.S. thesis, Massachusetts Institute of
Technology, Cambridge, Massachusetts, 2017.

[35] C. R. Posada and C. F. Urazán, “The Río Bogotá environmental
recuperation and flood control project,” in Water and Cities in
Latin America Challenges for Sustainable Development, I. Aguilar,
J. Mahlknecht, J. Kaledin, M. Kjellén, and A. Mejía, Eds. London,
UK: Taylor and Francis, 2015.

[36] J. Singh and I. Ordoñez, “Resource recovery from post-consumer
waste: important lessons for the upcoming circular economy,”
Journal of Cleaner Production, vol. 134, no. Part A, October 16 2016.
[Online]. Available: https://doi.org/10.1016/j.jclepro.2015.12.020

[37] P. Ganster, Ed., The U.S.-Mexican border environment: economy and
environment for a sustainable border region now and in 2020, ser.
SCERP monograph series, no. 3. San Diego, CA: San Diego State
University Press, 2002.

[38] M. O’Connor, “On the misadventures of capitalist nature,” Capitalism
Nature Socialism, vol. 4, no. 3, September 1993. [Online]. Available:
https://doi.org/10.1080/10455759309358553

[39] D. Colorado, G. I. Echeverry, and H. Colorado, “Logistics as an
essential area for the development of the solid waste management
in Colombia,” Informador técnico, vol. 83, no. 2, pp. 131–154, 2019.

[40] L. Ruddock and J. Lopes, “The construction sector and economic
development: the ‘Bon curve’,” Construction Management and
Economics, vol. 24, no. 7, 2006. [Online]. Available: https:
//doi.org/10.1080/01446190500435218

[41] J. Qi and et al, Eds., Development of circular economy in China, ser.
Research series on the Chinese dream and China’s development
path. Springer Singapore, 2016.

[42] H. A. Colorado and D. Singh, “High-sodiumwaste streams stabilized
with inorganic acid–base phosphate ceramics fabricated at room
temperature,” Ceramics International, vol. 40, no. 7, Part B, August
2014. [Online]. Available: https://doi.org/10.1016/j.ceramint.2014.
03.045

[43] A. Loaiza, S. Cifuentes, and H. A. Colorado, “Asphalt modified with
superfine electric arc furnace steel dust (EAF dust) with high zinc
oxide content,” Construction and Building Materials, vol. 145, August
1 2017. [Online]. Available: https://doi.org/10.1016/j.conbuildmat.
2017.04.050

[44] A. Loaiza and H. A. Colorado, “Marshall stability and flow tests for
asphalt concrete containing electric arc furnace dust waste with
high ZnO contents from the steel making process,” Construction
and Building Materials, vol. 166, March 30 2018. [Online]. Available:
https://doi.org/10.1016/j.conbuildmat.2018.02.012

[45] H. A. Colorado, E. Garcia, and M. F. Buchely, “White Ordinary
Portland Cement blended with superfine steel dust with high zinc
oxide contents,” Construction and Building Materials, vol. 112, June
1 2016. [Online]. Available: https://doi.org/10.1016/j.conbuildmat.
2016.02.201

[46] J. Zhu and et al, “Mesoporous magnetic carbon nanocomposite
fabrics for highly efficient Cr(VI) removal,” Journal of Materials
Chemistry A, no. 7, January 2014. [Online]. Available: https:
//doi.org/10.1039/C3TA13957C

[47] M. Quintero, S. N. Monteiro, and H. A. Colorado, “Composites
of Portland cement and fibers of Guadua angustifolia Kunth
from Colombia,” Journal of Composite Materials, vol. 53,
no. 7, August 2018. [Online]. Available: https://doi.org/10.1177/
0021998318792297

[48] S. Neves and et al, “Fique fabric: A promising reinforcement for
polymer composites,” Polymers, vol. 10, no. 3, March 2018. [Online].
Available: https://doi.org/10.3390/polym10030246

[49] J. R. Restrepo, G. Echeverri, and H. Colorado, “Toward a Solid Waste
Economy in Colombia: An Analysis with respect to other leading
economies and Latin America,” in REWAS 2019, 2019, pp. 337–354.

[50] H. A. Colorado and et al, “Wollastonite based-Chemically Bonded
Phosphate Ceramics with lead oxide contents under gamma
irradiation,” Journal of NuclearMaterials, vol. 425, no. 1-3, June 2012.
[Online]. Available: https://doi.org/10.1016/j.jnucmat.2011.08.043

[51] C. F. Revelo and H. A. Colorado, “3D printing of kaolinite clay
ceramics using the Direct Ink Writing (DIW) technique,” Ceramics
International, vol. 44, no. 5, April 1 2018. [Online]. Available:
https://doi.org/10.1016/j.ceramint.2017.12.219

[52] A. Munoz, S. Cifuentes, and H. A. Colorado, “Admixture optimization
in concrete using superplasticizers,” in TMS 2018 147th Annual
Meeting / Exhibition Supplemental Proceedings, Phoenix, Arizona,
2018, pp. 625–633.

[53] J. Quan, H. A. Colorado, P. C. Yeh, and J. M. Yang, “Hybridized
ZnO nanostructures on carbon-fiber through combustion synthesis
induced by joule heating,” Ceramics International, vol. 42, no. 11,
August 15 2016. [Online]. Available: https://doi.org/10.1016/j.
ceramint.2016.05.085

[54] S. A. Colorado and H. A. Colorado, “Manufacturing of zinc oxide
structures by thermal oxidation processes as scalable methods
towards inexpensive electric generators,” Ceramics International,
vol. 43, no. 17, December 1 2017. [Online]. Available: https:
//doi.org/10.1016/j.ceramint.2017.08.156

[55] J. E. Rodríguez, D. Macíaz, and C. A. Arcos, “La cascarilla de arroz
como fuente de SiO2,” Revista Facultad de Ingeniería Universidad de
Antioquia, no. 41, pp. 7–20, Sep. 2017.

[56] R. Hernández and J. R. Pacheco, “Recycling rotating electrical
machines,” Revista Facultad de Ingeniería Universidad de Antioquia,
no. 83, pp. 50–56, Apr. 2017.

[57] A. N. Benavides and J. A. Lozano, “Waste cooking oil logistics and
environmental assessment for biodiesel production in Cali,” Revista
Facultad de Ingeniería Universidad de Antioquia, no. 88, July 2018.
[Online]. Available: http://dx.doi.org/10.17533/udea.redin.n88a02

62

https://doi.org/10.1016/j.jclepro.2013.11.049
https://doi.org/10.1016/j.jclepro.2013.11.049
https://doi.org/10.1016/j.wasman.2008.07.015
https://doi.org/10.1038/531435a
https://doi.org/10.1016/j.wasman.2006.12.011
https://doi.org/10.1016/j.wasman.2006.12.011
https://doi.org/10.1016/S0305-750X(00)00094-2
https://doi.org/10.1016/j.ecolind.2013.03.003
https://doi.org/10.1086/262112
https://doi.org/10.1016/j.jclepro.2015.12.020
https://doi.org/10.1080/10455759309358553
https://doi.org/10.1080/01446190500435218
https://doi.org/10.1080/01446190500435218
https://doi.org/10.1016/j.ceramint.2014.03.045
https://doi.org/10.1016/j.ceramint.2014.03.045
https://doi.org/10.1016/j.conbuildmat.2017.04.050
https://doi.org/10.1016/j.conbuildmat.2017.04.050
https://doi.org/10.1016/j.conbuildmat.2018.02.012
https://doi.org/10.1016/j.conbuildmat.2016.02.201
https://doi.org/10.1016/j.conbuildmat.2016.02.201
https://doi.org/10.1039/C3TA13957C
https://doi.org/10.1039/C3TA13957C
https://doi.org/10.1177/0021998318792297
https://doi.org/10.1177/0021998318792297
https://doi.org/10.3390/polym10030246
https://doi.org/10.1016/j.jnucmat.2011.08.043
https://doi.org/10.1016/j.ceramint.2017.12.219
https://doi.org/10.1016/j.ceramint.2016.05.085
https://doi.org/10.1016/j.ceramint.2016.05.085
https://doi.org/10.1016/j.ceramint.2017.08.156
https://doi.org/10.1016/j.ceramint.2017.08.156
http://dx.doi.org/10.17533/udea.redin.n88a02


H. A. Colorado et al., Revista Facultad de Ingeniería, Universidad de Antioquia, No. 96, pp. 51-63, 2020

[58] R. Hernández and J. R. Pacheco, “Analysis of binary
Bitumen-Polymer mixtures,” Revista Facultad de Ingeniería
Universidad de Antioquia, no. 70, pp. 18–33, Mar. 2014.

[59] N. Bustamante and N. Danoucaras and N. McIntyre and J. C. Díaz
and O. J. Restrepo, “Review of improving the water management

for the informal gold mining in Colombia,” Revista Facultad de
Ingeniería Universidad de Antioquia, no. 79, April 2016. [Online].
Available: http://dx.doi.org/10.17533/udea.redin.n79a16

63

http://dx.doi.org/10.17533/udea.redin.n79a16

	Introduction
	Methodology
	Gross domestic product and primary solid waste (SW) in numbers
	Analysis
	Conclusions
	The impact of solid waste (SW) on GDP
	Sustainable and circular economy for development
	Waste in Colombia: A development opportunity

	Declaration of competing interest
	Acknowledgments

